THE use of electric current has proved to be an effective clinical method for terminating cardiac arrhythmias.'-10 External countershock with use of alternating current was introduced in 1956 by Zoll and co-workers 1 for the treatment of ventricular fibrillation. In addition, these authors predicted the use of this procedure in terminating other arrhythmias as well. In recent years the use of direct current has been advocated by Lown and co-workers as a successful method of abolishing ventricular and supraventricular disorders of rhythm (cardioversion) . 3. 4, 6 The growing importance of this recent therapeutic approach is attested by the increasing number of patients who have undergone successful electric countershock. It has been useful in terminating acute as well as chronic atrial fibrillation.1-" The percentage of conversions of atrial fibrillation has been high, but at times reversion to sinus rhythm is only transient. Following conversion of atrial fibrillation there is an interval lasting several minutes which is considered highly significant because of frequent arrhythmias in this period. Some of these are able to induce recurrence of atrial fibrillation and thus are responsible for the transitory nature of reversions. The purpose of this report is to study the incidence of arrhythmias immediately after conversion and to corroborate the efficacy of this method of terminating atrial fibrillation. The mechanism by which these arrhythmias are able to induce the recurrence of atrial fibrillation, as well as the possibilities of preventing their appearance will be discussed. From 2 ). Several arrhythmias were noted immediately after conversion (table 4) . Reversion to atrial fibrillation was observed six times and was probably triggered by premature atrial contractions in Table 4 Arrhythmias 
... fo;ur occasions ( fig. 3 ) and by atrial flutter (rate of 300 per minute) two times ( fig. 4) Figure 5 Paroxysmal atrial tachycardias appearing immediately after countershock. In the upper strip the paroxysin is initiated by a premature P wave different in cornfiguration fro-m those seen during the paroxysm. The primary (sinoatrial) pacemraker is depressed after the elnd of the tachycardia.
niadtszon, Volune XXXS August 96)4 166 SIN.U.S R^HYTH,M pared with the results of electric countershock, 100 per cent of predominant mitral stenosis in Lown's cases and 91 per cent in the present group were converted to sinus rhythm. 6 The efficacy of countershock and its superiority to quinidine are thus corroborated.
The incidence of arrhythmias before and after conversion was not negligible; they were transient, however, and did not jeopardize the lives of the patients. There were no serious ventricular arrhythmias in this series of elective patients when synchronized energies up to 400 watt-seconds were employed. Improper synchronization was responsible for the occurrence of ventricular fibrillation in one of Killip's cases 10 and in one of our patients with ventricular tachycardia not included in this communication. The exact number of ectopic rhythms that may appear after countershock is not known because of the immediate brief interval of time during which a tracing is unobtainable.
Embolization was not observed in any of the patients. The only minor limitation of this procedure involves the unavoidable risks of anesthesia. It has been suggested that anesthesia is not required with energies less than 100 watt-seconds. A recent report of 14 cases of conversion without anesthesia indicates that the procedure can be employed with little or no discomfort.5'
The patients selected for conversion in this communication are by no means representative of the total population of the cases to be converted. Patients with refractory heart failure or with previous episodes of embolization were not selected. Similarly, there were few patients shocked after successful cardiac surgery, although these postoperative arrhythmias are easily terminated by countershock.6
One of the basic problems encountered in this study was that of -maintaining the sinoatrial mechanism.12 There were nine cases in which reversion was transient; in these, rapid tachycardias were frequent after countershock (table 4). Some were thought to be responsible for the recurrence of atrial fibrillation.
Circulation, Volume XXX, August 1964 In many, the paroxysm appears to be initiated by a premature contraction that might have fallen in the vulnerable phase of atrial repolarization, thereby provoking atrial fibrillation ( fig. 3), atrial flutter (fig. 4) , or atrial tachycardia ( fig. 5 ). This variable response in man is the counterpart of the experimental findings of Brooks et al.,'3 who found that if the strength of a stimulus applied during the vulnerable phase is increased gradually, either isolated extrasystoles, multiple responses, or paroxysms of flutter and fibrillation can occur.
The triggering of tachyeardias by ectopic impulses is not rare in clinical electrocardiography. For example, premature atrial contractions preceding and probably initiating atrial flutter and atrial fibrillation have been reported.14-18 As stated previously, when the onset of an atrial tachycardia is recorded, the arrhythmia is initiated by a premature contraction. The first extrasystole of the paroxysm ( fig. 5 ) may have a different configuration from the rest. Scherf et al. believed that this indicates that they arise in a different center, although aberrant intra-atrial conduction of the first beat cannot be definitely ruled out. '9 Some authors are of the opinion that paroxysmal atrial tachycardia is produced by a reciprocal rhythm involving the atrioventricular node.'3 They have assumed that retrograde conduction of an atrioventricular nodal or ventricular extrasystole can use only part of the atrioventricular conducting system, thereby permitting alternate pathways for a reentry mechanism. Regardless of the fundamental mechanism responsible for rapid ectopic supraventricular rhythms, it is possible that a basic step in their prevention should be directed toward preventing or suppressing premature contractions. Atrial and ventricular extrasystoles are common but-innocuous in the absence of organic heart disease; in atherosclerotic or rheumatic mitral valvular -disease they may herald the onset of fibrillation or flutter. 20 It may be theorized that when incoordinated electrical activity of the atria has been present for long periods of time, susceptibility to recurrent fibrillation is enhanced, not only immediately after conversion, but in later stages as well. For even though the ectopic rhythm was abolished, the factors that led to fibrillation (left atrial disease) still persist. This, of course, does not apply to rheumatic patients who had successful valvular surgery prior to countershock.
Premedication with quinidine prior to countershock would theoretically be expected to reduce the incidence of immediate postconversion arrhythmias by depressing ectopic atrial activity. In addition it has been shown that quinidine raises the threshold for atrial fibrillation in the experimental animal.12 In our series there were 27 patients who had received 1.2 Gm. of quinidine before countershock. In this group there were only five instances of postconversion arrhythmia. Atrial tachycardia and flutter occurred four times, and atrial fibrillation only once. The incidence of the latter rhythm was low when compared to that of patients who were not premedicated with quinidine (table 4) . Two other patients were of interest in this respect. One had atrial flutter and the other atrial fibrillation in the immediate posteonversion period. These arrhythmias did not occur when quinidine was administered (by the above method) prior to their second countershock. More experience is needed, however, to establish the most effective dose of quinidine to prevent the occurrence of arrhythmias appearing after conversion to sinus rhythm. On the other hand, it is probable that the mechanism of the ectopic beats appearing before sinus rhythm is different from that of arrhythmias following conversion to sinus rhythm. Atrioventricular dissociation or nodal rhythm can occur transiently after treatment of atrial tachycardia, atrial flutter, or fibrillation with quinidine or procaine amide. According to Katz and Pick,17 this is due to depression of the primary (and sometimes of the secondary) pacemaker by the ectopic rhythm per se, or by the antiarrhythmic drug. In this respect it should be emphasized that digitalis, which was administered to most of our patients, is a greater depressant of the sinoatrial node than quinidine. A more likely explanation is that a diseased sinoatrial node or a dilated left atrium is more prone to develop supraventricular arrhythmias after conversion. Two of the five cases with atherosclerotic heart disease in which a slow atrioventricular nodal rhythm appeared after countershock never developed sinus activity. Tracings obtained 6 hours later revealed recurrent atrial fibrillation. The transitional period was not recorded. These patients had not been premedicated with quinidine, and their maintenance doses of digitalis (0.25 mg. of digoxin daily) was not considered to be clinically excessive. It is thus likely that in these cases sinus node depression was not drug induced.
Four cases of atrial tachycardia or flutter appeared before sinus rhythm. Three instances were observed when atrial flutter followed atrial fibrillation, immediately after countershock. An interesting feature vas observed in one case (from another series * ) when atrial flutter with a rate of 240 per minute converted to an atrial rate of 107 per minute after countershock ( fig. 6 ). The center of impulse formation of the lower rate was not the sinoatrial node, since a second shock converted this slower tachycardia to sinus rhythm with a change in atrial rate and Pwave configuration. It thus appears that two effective responses can be elicited by DC countershock in fibrillation or flutter. The first is more frequent, abolishes the arrhythmia, and establishes a sinus rhythm. The second is rare, and converts fibrillation into flutter or slows the atrial rate from that usually seen with flutter to that of atrial tachvcardia. Thus progressive decrements in ectopic atrial rates can occur witlh countershock rather than the expected conversion to sinus rhythm. These findings lead to a possible explanation of the mechanisms bv which external electric countershock acts in patients with * Thirty-nine episodes of atrial flutter have been treated in our department with 100-per cenit con57er-sion to sinus rhythm. 
